Européaisches Patentamt
@ 0’ European Patent Office

Office européen des brevets

Document AQO1
Appl. No. 09/608,066

0119448
Al

@ Publication number:

®@ EUROFEAN PATENT APPLICATION

@ Application number: 84101392.3

@ Date of filing: 10.02.84

® intc:CO7H 21/00,C0O7 H 19/00,
GO1N 33/48

D Rriority: 14.02.83 JP22516/83
28.04.83 JP75878/83

@ Date of publication of application: 26.09.84
Bulletin 84/39

@ Designated Contracting States: DE FR GB

@ Applicant: WAKUNAGA SEIYAKU KABUSHIKI KAISHA,
1-39 Fukushima 3-chome Fukushima-ku, Osaka-shi
Osaka-fu (JP)

@ Inventor: Miyoshi, Kenichi, 2521-17, Toge Kabe-Cho
Asakita-Ku, Hiroshima-Shi Hiroshima-Ken (JP)
Invantor: Suzukl, Masanori, 209, Ku Koyo-Cho
Asakita-ku, Hiroshima-Shi Hiroshima-Ken (JP)
inventor: Fuwa, Toru, 6-17-602, Komachi Naka-Ku,
Hiroshima-Shi Hiroshima-Ken (JP)

@ Representative: Kraus, Walter, Dr. ot al, Patentanwiite
Kraus & Welsert irmgardstrasse 15,
D-8000 MOnchen 71 (DE)

6 Oligonucleotide derivatives and production thereof.

&) Biotin- or 2,4-dinitrophenyt-oligodeoxyribo-nucleotide
derivative represented by the formula shown below and its
preparation method is disclosed:
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= m and n are each 0 or a natural number; R’ is a straight

or branched hydrocarbon residue; and B is a base constitut-

° ing the nucleotide (in which when a plural number of B exist,
they may be either identical or different). This compound is
useful for use as a non-radioactive affinity probe for nucleic
acid or a primer.
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OLTIGONUCLEOTIDE DERIVATIVES AND PRODUCTION THEREOF

BACKGROUND OF THE INVENTION
Technical Field
This invention relates generally to oligonucleo-

tide derivatives. More specifically, the present in-
vention relates to an oligonucleotide derivative
comprising biotin or 2,4-dinitrobenzene bonded to a
moiety other than the base of the nucleotide. The
present invention also relates to a method for produc-
ing such an oligonucleotide.
Prior Art

Biotin, which is a member of the vitamin B complex
and is also called vitamin H, is necessary for the

growth of many animals and vegetables. On the other hand,

biotin is known to interact potently with avidin in
egg white, and this characteristic is put into prac-
tical application by utilizing biotin in the form of
its derivative such as a biotin-avidin reagent. This
is applied as a biochemical reagent for measurement of
antigenic density per cell, radioimmunoassay, enzyme
immunoassay, etc. Also, a DNA probe having biotin
bonded to a nucleic acid has been developed and is now
commercially available for diagnosis of infectious and
hereditary diseases (Proc. Natl. Acad. Sci. USA, 78,
6633 - 6637, 1981). The biotin nucleotide derivative
in this DNA probe is prepared enzymatically with DNA
or RNA as the template by using the biotin derivative
of cytidine triphosphate in place of cytidine tri-
phosphate (d4CTP).

However, according to our knowledge, a biotin
nucleotide derivative thus prepared involves the
following problems.

a) Since biotin is included at the base moiety
of the nucleotide, a change occurs in the melting
temperature (Tm value) inherent in the oligonucleotide
employed.
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b) Synthesis of a cytosine derivative is dif-
ficult (in view of the above cited reference).

c) Synthesis of a DNA having a desired and
predetermined base sequence is difficult.

For these reasons, biotin-nucleotide derivatives
at the present stage have only a narrow scope of

- applications and are limited in their usefulness.

Meanwhile, Vincent et al have recently developed
a DNA probe having 2,4-dinitrophenyl (hereinafter
abbreviated as DNP) group bonded to nucleic acid
(Nucl. Acids Res., 10, 6787 - 6796, 1982). They
cause a DNP derivative of adenosine triphosphate (ATP)
to be incorporated into a DNA strand to be hybridized
with a DNA having a complementary base sequence and
then detect the objective DNA by adding successively
a rabbit antiserum against DNP and peroxide-
labelled goat antirabbit IgG. The DNA
strand employed here is a fragment taken from
nature.- ‘

However, according to our knowledge, the DNP-
nucleotide derivative thus prepared involves the
following problems.

a) Since DNP is included at the base moiety of
the nucleotlde, a change occurs in the melting tem-
perature (Tm value) inherent in the oligonucleotide
employed.

b) Synthesis of a DNA having a desired and pre-~
determined base sequence is difficult.

For these reasons, DNP-nucleotide derivatives
at the present stage also have only a narrow scope of
appllcatlons and are limited in their usefulness.

SUMMARY OF THE INVENTION
An object of the present in#ention is to overcome

the drawbacks described above. This invention ac-
complishes this object by providing an oligonucleotide
comprising biotin or 2,4-dinitrobenzene bonded to a
specific oligodeoxyribonucleotide at a specific site
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other than the nucleotide base.

The oligonucleotide derivative according to the
present invention comprises an oligodeoxyribonucleo-
tide represented by the formula [VII] set forth
below.

Further, the method for preparing the oligo-

- nucleotide derivative according to the present inven-

tion comprises causing biotin or 2,4-dinitrobenzene
to be bonded to the terminal amino group of an oligo-
nucleotide derivative represented by the formula [VI]
set forth below to obtain an oligodeoxyribonucleotide
represented by the formula [VII] set forth below.

0 B 0 B
L u
NH2 —R"-0~-P -0 -0 -P -0 —OH [VI]
é() AGB m+n

o o
1 i i
R —NH —R —o—1i> ~o{ [-0-P~-0J)_ |-oH [VII]
I R
OGS o(: m+n

In the above formulae, R is

(0

|
c

A

HN NH

P NO,
HC —CH or 02N ;
| | -

HZC\ /FH(CH2)4CO-

g -

m and n are each 0 or any desired natural number; Rl

is a straight or branched hydrocarbon residue; and B
is a base constituting the nucleotide. (When a plural
number of B exist, they may be either identical or
different). '

Advantageous Features

The biotin- or DNP-oligodeoxyribonucleotides
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synthesized according to the present invention can
cir;umvent the drawbacks of the non-radioactive
affinity probe for nucleic acid as described above
and has the following advantages.

a) Since neither biotin nor DNP is included at
the base moiety of the nucleotide, it is stable with-
out change in the melting temperature (Tm value).

b) Synthesis of a biotin- or DNP-oligonucleo-
tide having any base sequence is possible.

c) A short chain oligomer is sufficient for a
probe.

d) Synthesis is very simple, thus permitting
large scale synthesis thereof, and storage for a long
term is also possible.

e) It can also be utilized as a primer (DNA
fragment in synthesis of template).

Because of such advantages, the oligonucleotide
derivatives may be considered to be utilizable for a
wider scope of applications. More specifically, for
example, the biotin- or DNP-oligonucleotide is
utilizable as a non-radioactive affinity probe for
nucleic acid or as a primer as described above, and
its detection may be performed according to various
methods such as sedimentation by an antibody, activity
assay of an enzyme, visualization with an affinity
column fluorochrome, etc. Furthermore, the oligo-
nucleotide derivative of the present invention is
advantageous with respect to the risk of exposure, cost,
disposal of the waste and storability, as compared with
the radioactive probe (32P). :

In addition, the DNP group can easily be detect~
ed with a commercially available rabbit antiserum
(e.g., Code No. 61-006-1, produced by Miles Laborato-
ries) or a monoclonal antibody against DNP.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a flow chart indicating an example of

the method for synthesis of the compound of the present
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invention in Examples 1 and 2 set forth hereinafter;
FIG. 2 is a flow chart of the method for synthe-
sis of the compound of the present invention as
illustrated in the Experiments in Examples 1 and 2;

FIGS. 3A through 3D are chromatograms indicat-
ing the results of the high speed liquid chromato-

- graphy of the compounds [VI] as illustrated in the

Experiments in Examples 1 and 2;

FIGS. 4 and 5 are charts showing elution patterns
of the high speed liquid chromatography in Example 1;

FIGS. 6 and 7 are charts each showing the results
of electrophoresis in Example 1l; and

FIG. 8 is a chart showing elution patterns of
the high-speed liquid chromatography in Example 2.

DETAILED DESCRIPTION OF THE INVENTION

Oligonucleotide derivative [VII] '

The oligonucleotide derivative according to the

present invention is represented by the formula [VII]
as described above.
In the above formula, the symbol B is convention-

ally used for showing the deoxyribonucleoside residue
after removal of 3'- and 5'-hydroxyl groups from 2'-
deoxyribonucleoside, and has specifically the structure

shown below:

The substituent B represents a base constituting
the nucleotide and is usually adenine, thymine,
cytosine or guanine. When a plural number of B exist
in the compound [VII], they may be the same or different.
Each of m and n is 0 or a natural number. The
polymerization degree of the oligonucleotide derivative
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of the present invention is represented in terms of

m + n because the fractions with polymerization
degrees of m and n, respectively, are condensed
according to a preferred preparation method in the
present invention (as hereinafter described in detail).
In this case, m may practically be 0 to 6, parti-
cularly 1 to 4, and n may practically be 0 to 40,
particularly 0 to 20.

The group Rl is a divalent straight or branched
hydrocarbon residue for coupling the nucleic acid
moiety of the compound [VII] with the biotin or DNP
moiety. This may suitably be a straight or branched
alkylene group, particularly having about 2 to 20
carbon atoms. Preferably, Rl is an alkylene group
having 2 to 6 carbon atoms, a straight CZ—C6 alkylene
being more preferable.

Synthesis of the compound [VII]

The compound [VII], namely, the oligonucleotide
derivative according to the present invention can be
synthesized according to any desired method suited
for the purpose.

A preferable method comprises causing biotin or
2,4-dinitrobenzene to be bonded to the amino group of
an oligonucleotide derivative of the above formula
{VI}, namely, a compound in which a primary amino
group has been introduced through the group Rl into
an oligodeoxynucleoiide at its 5'-terminal phosphate
group.

On the other hand, the compound of the formula
[VI] can be synthesized according to the method which
comprises synthesizing an oligonucleotide and intro-
ducing a primary amino group into the oligonucleotide
formed so as to be extended from the 5'-hydroxyl group.

FIG. 1 shows a flow chart illustrating an example
of the preferable synthetic method. The symbols in
the flow chart have the meanings defined below (their
significances or details being as described hereinafter).
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a substituent for protection of a phosphoryl
group, o-chlorophenyl group being generally
used;

a divalent hydrocarbon residue;

: a protective group for 5'-terminal hydroxyl

group, dimethoxytrityl group being generally
used;

a substituent which can easily be eliminated
under the conditions under which all other
protecting groups are stable to produce a
phosphodiester, a.cyanoethyl group being
generally used;

a protecting group for amino group, tri-
fluorcacetyl group being generally used;

any desired natural number smaller than n;

0 or any desired natural number;

0 or any desired natural number;

a base;

a protected base, generally selected from N6-
benzoyladenine, N-isobutyrylguanine, NG-
benzoylcytosine and thymine (i.e., no protec-
tion needed);

carrier through a spacer, usually one as shown

below:
rf ;j : (wherein p is poly-
CH CHZ merization degree
of styrene)
P
CHZ-NHCOCHZCHz-—-
0
i

C
) |
H NH - NO

2
[ :
HCll——(IIH : or o,N<Q )

H2C CH(CH2)4¢O-—
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Synthesis of the compound [VI]

Generally speaking, the methods for synthesis
of oligonﬁcleotides are the triester method and the
phosphite method, each involving the solid phase
method and the liquid phase method. We have already
established a technique for producing oligonucleo-
tides according to the solid phase phosphotriester
method. Our methods as disclosed in the references
set forth below are preferred for synthesis of the
compound [VI].

Tetrahedron Letters 1979, 3635 (1979)

Nucleic Acids Research 8, 5473 (1980)

Nucleic Acids Research 8, 5491 (1980)

Nucleic Acids Research 8, 5507 (1980)

Nucleic Acids Research Symposium Series

7, 281 (1980)

As a method for introducing a primary amino group
into the 5'-hydroxyl group of the oligonucleotide as
synthesized above through a phosphate group, that is,
as a method for synthesizing the compound [VI], there
is our method as disclosed in Japanese Patent Appli-
cation No. 138136/1982.

The method of synthesizing the compound [VI]
according to an embodiment thereof is described below.
As shown in Fig. 1, the derivative of the compound [I]
from which the protecting group R3 has been removed
and the derivative of the compound [II] from which the
protecting group R2 has been removed are condensed,
and these operations are repeated to synthesize the
compound [III]. The method of synthesizing an oligo-
nucleotide compound [III] is known in the art as
mentioned above.

On the other hand, the compound of the formula
[IV] is synthesized according to our method (reference:
Japanese Patent Application No.138136/1982). More
specifically, Rz of the compound [I] is removed to
form a 5'-hydroxyl compound, which is caused to react

-
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with a phosphorylating agent (e.g., phosphoditri-
azolide, phosphodichloride or phosphodibenzotri-
azolide) to be phosphorylated and then condensed
with an amino alcohol compound of which amino group
is protected, namely, RZ-NH-Rl—OH {which compound
can be obtained by protecting the amino group of an
omega-aminoalcohol (NHz—Rl-OH) with RZ],'whereby
the compound [IV] can be obtained (reference: the
specification of the above patent application for 4
its details).

The compound [IV] after removal of the protect-
ing group R3 therefrom is condensed with the compound
[III] from which the protecting group R2 has been
removed to synthesize the compound (V]. Condensation
may be carried out according to a method which is
substantially the same as that for the condensation
in the synthesis of the compound {III].

By removing all of the protecting groups on the
compound [V] thus synthesized, the compound [(VI] can
be obtained. The protecting group COA-(P), o-
chlorophenyl group and the acyl group in the base
moiety can be removed by treatment with a 0.5 M
tetramethylguanidine-pyridine-2-carboaldoxime in
dioxane-water (9 : 1, v/v) solution, followed by
alkali treatment (conc. ammonia water). 1In the
case where R4 is trifluorocacetyl group, it can be.
removed at the same tinie by treatment with
ammonia, but treatment with mercaptoethanol is
required in the case where R4 is o-nitrophenylsul-
fenyl group. When another group is employed for R4,
still another treatment may be applicable under the
conditions where the oligonucleotide moiety is stable.
In this-context, various methods have already been
known for synthesis of deoxyoligoribonucleotide, and
as to details concerning the kinds of protecting
groups, introduction or removal thereof and condensa-
tion other than those as mentioned above, reference
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may be made to textbooks or review publications, for
example, "Synthesis of Nucleosides and Nucleotides"
(Maruzen, Japan, 1977), "Organic Chemistry of Nucleic
Acids" (Kagaku Dojin, Japan, 1979), "Nucleic Acid"
(Asakura Shoten, Japan, 1979), Tetrahedron, 34, 3143
(1978), Journal of the Society of Organic Synthetic
Chemistry, Japan, 34, 723 (1978) and "Kagaku no
Ryoiki" (Domain of Chemistry) 33, 566 (1979).

Synthesis of the compound ([VII]

The oligodeoxyribonucleotide (the compound [VII])
can be prepared by bonding biotin or 2,4-dinitro-
benzene to the primary amino group extended from the
5'-terminal of the above compound [VI].

(1) Reaction with biotin:

Bonding between the two compounds can be carried
out according to any method which can realize forma-
tion of an amide bonding through dehydration between
the carboxyl group of biotin and the amino group of
the compound [VI]. When an amino group or a hydroxyl
group which can react with the carboxyl group of biotin
exists in the compound [VI], the reaction can be
carried out under appropriate protection of such groups.
Thus, the expression "by bonding biotin to the terminal
amino group of the oligonucleotide derivative represent-
ed by the formula [VI], the biotin-oligonucleotide
represented by the formula [VII] is obtained" is also
inclusive of the case where the compound [VI] is
protected as described above. Further, this expres-
sion is also inclusive of the case where biotin is in
the form of its functional derivative. Specific
examples of functional derivatives of biotin are its
acid halides and active esters. '

A preferable method for obtaining bonding between
the amino group and biotin in this sense comprises a
reaction between the amino group of the oligonucleotide
derivative and an active ester of biotin. An active
ester of biotin is preferred because it can react
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selectively only with the primary amino group extend-
ed from the 5'-terminal hydroxyl group without |
undergoing reaction with the amino group at the base
moiety of the oligonucleotide and also because the
reaction operation is simple. An "active ester of
biotin" means a biotin derivative having an ester
bonding which can readily react with other functional
groups (usually amino groups), typically succinimide-,
p-nitrophenyl-, benzotriazolide- and 2,4,5-tri-
chlorophenyl-ester. V A

Another preferable method for causing bonding
between the amino group and biotin comprises carry-
ing out bonding of both in the presence of a condens-
ing agent. Examples of suitable condensing agents
are dicyclocarbodiimide, carbonylimidazole, and Wood-
ward reagent "K".

According to any of these methods, the reaction
method can be any one suited for the purpose. The
specific reaction method for a given reaction system
is suitably determined by referring to the experi-
mental examples as given below and various textbocks
such as "Peptide Synthesis" (Maruzen, Japan 1975) and
"Chemistry of Proteins IV" (1977).

(2) Reaction with 2,4-dinitrobenzene:

The DNP-oligodeoxyribonucleotide (the compound
[VII]) can be obtained by causing 2,4-dinitrobenzene
to be bonded to the primary amino group extended from
the 5'-terminal of the above compound [VI].

Bonding between these compounds can be accomplish-
ed according to any desired method which can realize
formation of C -N bonding between the l-position of
2,4-dinitrobenzene and the amino group of the compound
(VIl.

' Bonding between the two compounds is Qenerally
accomplished through condensation with H - X elimination
petween the derivative of the former, namely DNP -X



10

1s

20

25

30

35

0119448
12

(where X is a l-substituent) and the amino group.

X is preferably a halogen. The derivative wherein X

is a halogen, namely, l-halogeno-2,4-dinitrobenzene

is preferred because it can react selectively only

with the primary amino group extended from the

terminal S5'-hydroxyl group without undergoing the

reaction with the amino group at the base moiety of

the oligonucleotide. Above all, l-fluoro-2,4-

dinitrobenzene is readily available commercially,

and the reaction with the amino group of the compound

[VI] can proceed under mild reaction conditions.

The reaction of a l-halogeno-2,4-dinitrobenzene
with the compound [VI] can be practiced in a homo-
geneous solution (the solvent being, for example, a
water-containing alcohol) or a heterogeneous solution
(the solvent being, for example, water) of the two
compounds at a temperature of the order of 10 to 50°C
in the presence of an agent for capturing a hydrogen
halide liberated (e.g., sodium hydrogen carbonate,
triethylamine, and potassium hydroxide). The desired
product may be recovered by, for example, extraction.
As to incorporation of DNP, reference may be made to
an appropriate review publication, for example,
"Course of Chemical Experiments 1, Chemistry of
Proteins II, p.118" (published by Maruzen Co., 1976).

EXPERIMENTAL EXAMPLES
Example 1 (preparation of biotin-~oligonucleotide)

Flow chart:

The compound of the present invention (the com-
pound @ in FIG. 2) was prepared according to the flow
chart shown in FIG. 2. .

In FIG. 2, the symbols have the following meanings.

B': N-Benzoyl-adenine

B : adenine

DMTr : dimethoxytrityl
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CH —
CHZ (p: degree of
& polymer-
P . .
. ization)
CH,~NHCOCH,CH, -
RO: o-chlorophenyl
Et: ethyl
CE: cyanoethyl
m: 2
n': 2
n : 12
R :
0o
]
C
/ \
HT NH
HC—CH

|

H2C CH(CH2)4CO-

Synthesis of the compound ([VI]:

Experiment 1-1
Dimethoxytrityladenosine/resin [CD] (resin is

merely a carrier, but since the desired compound
carried on a resin is substantially the same in ap-
pearance as the resin itself, the compound carried

on a resin is hereinafter called merely resin) in a
quantity of 300 mg (0.033 mmol), was washed three
times with 10 ml of an isopropanol-methylene

chloride (15:85, v/v) solution, and then the reaction
(detritylation) was carried out four times each

for 5 minutes with 8 ml of a 1.0 M zinc bromide in an
isopropanol-methylene chloride solution to obtain a
resin [@]. The resin [@] was washed three times
with 10 ml of an isopropanol-methylene chloride
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solution, and after addition thereto of a solution
of 150 mg of the dinucleotide [(:)] in pyridine, the
mixture was subjected to azeotropic distillation to
make the system anhydrous. Then, 150 mg (0.5 mmol)
of mesitylenesulfonyl nitrotriazolide (hereinafter
abbreviated MSNT) and 2 ml of anhydrous pyridine
were added to the system, and the reaction (conden-
sation) was carried out for 90 minutes. After the
reaction, the reaction mixture was washed three times
with 10 ml of pyridine, and 10 ml of a solution con-
taining a catalytic amount (about 10 mg) of dimethyl-
aminopyridine (hereinafter abbreviated DMAP) in
acetic anhydride-pyridine (1:9, v/v) to carry out the
reaction for 10 minutes, thereby protecting or mask-
ing the unreacted 5'-hydroxyl group through acetyla-
tion. The protected compound was washed with pyridine
to obtain the compound [(:)'] (n=2). The above
operation was repeated 6 times to obtain the compound
{ @] (n=12).

On the other hand, the reaction between 800 mg
(0.71 mmol) 5'-hydroxy-dinucleotide [(5)] and o-
chlorophenyl phosphoditriazolide was carried out in a
solution of the latter in dioxane (1.0 mmol, 6 ml)
for 2 hours, followed further by the reaction continued
for 2 hours with addition of 300 ma (1.4 mmol) of
trifluoroacetyl-6-aminohexanol and 115 mg (1.4 mmol)
of l-methyl~imidazole. After completion of the reac-
tion, the solvent was evaporated, and the residue
was dissolved in chloroform. Then, the solution was
washed with water, a 0.5 M agqueous sodium dihydrogen
phosphate solution, a saturated aqueous sodium hydrogen
carbonate solution and an aqueous 5% sodium chloride
solution, respectively, and dried over anhydrous sodium

‘'sulfate. The chloroform layer was concentrated and

purified on a silica gel column, eluting with chloroform
containing 0 to 4% methanol. The eluate was concent-
rated and added dropwise into pentane to obtain a
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powdery compound [(:)].

Té‘the compound [C)] obtained by detritylation
of 115 mg (3.45 umol) the compound as prepared above
[(:)] (n=12) according to the same procedure as
described above was added the compound [(:)] (0.04
mmol) which had been decyanoethylated by treatment
thereof with 3 ml of a triethylamine~pyridine-water
¢t : 3 : 1, v/v) solution. After the system was made
anhydrous, 50 mg (0.2 mmol) of MSNT and 1 ml of
pyridine were added thereto, and the reaction (conden-

. sation) was carried out for 90 minutes. After com-

pletion of the reaction, the product was washed with
pyridine and methanol and dried to obtain a complete-
ly protected oligonucleotide derivatives [C)].

15 mg of the oligonucleotide derivative [(:)]
was added to 200 ul of a solution of 0.5 M tetramethyl-
guanidine-pyridine-2-carboaldoximate in dioxane-water
(9 : 1, v/v), and reaction was carried out in a
centrifugal precipitating tube at room temperature for
24 hours. After the reaction, conc. ammonia watér
(2.5 ml) was added thereto, and, with the vessel in
sealed state, the reaction was carried out at 50°C
overnight. 'After completion of the reaction, the
mixture was filtered, and the filtrate was concentrat-
ed. The concentrate was dissolved in water and
washed with ether. The aqueous layer was concent-
rated and purified by desalting on Sephadex G-50 (¢
1.5 x 120 cm, eluting with 0.05 M triethylammonium
bicarbonate buffer, pH 7.5) to obtain a pendadeéa-
adenylic acid derivative [ (10)].

According to similar procedures, the oligonucleo-
tide derivatives of Experiments 1-2, 1-3 and 1~4 were
prepared. The compounds as synthesized above are

shown in Table 1.
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- Table 1

Identities of Compound @

m+n ‘B)m+nB-

1-1 JIM AAAAAAAAAAARARARAAR
1-2 I4|TTTTTTTTTTTTTTT
1-3 14|GGATGCATCACCACLC
1-4 16 | AARTCTGGTGAGAAGCGC

‘In the above Table, A represents adenine, T
thymine, G guanine and C cytosine.

The results of high-speed liquid chromatography
for these four types of compounds are shown in FIG. 3,
in which A through D are charts for the compounds of
Experiments 1-1 through 1-4, respectively.
Preparation of biotin-pentadecaadenylic acid [(Ib ]1:

Experiment 2-1

About 1.0 OD of the pentadecaadenylic acid deriva-
tive [ @ ] as prepared in the above experiment 1-1
was dissolved in 10 ul of 0.1 M an agqueous sodium
hydrogen carbonate solution (pH 8.3) and, with addition
of 10 ul of a solution of biotin succinimide ester in
dimethylformamide (corresponding to some hundred-fold
excess), the reaction was carried out at 4°C overnight
or at room temperature for 4 hours to synthesize
biotin-pentadecaadenylic acid | qg)].

The reaction was monitored by high-speed liquid
chromatography and 20% polyacrylamide gel electro-
phoresis.

The same operation as in Experiment 2-1 was also
applied for the compounds | 6@»] prepared in the above
Experiments 1-2, 1-3 and l1-4, respectively, to prepare
the respective compounds {CZD 1. The experiments con-
ducted here are called Experiments 2-2, 2-3 and 2-4,
respectively. The compounds prepared in Experiments 2
are shown in Table 2.
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17
- Table 2
Deriva- s
tive Identities of Compound (:>
. m+n (B) f4nB
Experiment
2-1 14  AAAAAAAAAAAAAARANA
2-2 4iTTTTTTTTTTTTTTT
2-3 14 | GGATGCATCACCACC
2-4 6 |]AATCTGGTGAGAAGCGC

In the above Table, A represents adenine, T thymine,
G guanine and C cytosine.

Reference Experiment 3

For the purpose of comparison with‘respect to
reactivity, the compounds [ <:> ] having 5'-hydroxyl group
obtained through deprotection of the oligonucleotides
{(:)] as synthesized above Experiments 1 were also
similarly caused to react with biotin succinimide ester.

The reference experimenﬁs are called.Experiments
3-1, 3-2, 3~-3, 3-4, respectively. The compounds used in

Experiments 3 are shown in Table 3.

Table 3
Deriva- Identities of Compound (:)
tive
n (B)nB
Experiment B

3-1 " 12 ]AAAAAAAAAAAAA
3-2 B 12| TTTTTTTTTTTTT
3-3 12|{ATGCcaAaTCACCACC
'3-4 14 |TCTGGTGAGAAGCGC

In the above Table, A represents adenine, T thymine,

G guanine and C cytosine.
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_ The above results are shown in FIG. 4 and FIG.
5 (results of high-speed liquid chromatography) and
in FIG. 6 and FIG. 7 (results of electrophoresis).

FIG. 4 shows elution patterns of high-speed |
liquid chromatography. In this Figure, each of the
numerals 1 shows the chromatogram of the compound
before the reaction, each of the numerals 2 that of
a mixture of the compounds before and after the reac-
tion, and each of the numerals 3 that of the compound
after the reaction with the biotin active ester. (a)
is the chromatogram in Experiment 3-1, (b) is the
chromatogram in Experiment 2-1, (c) is the chromatogram
in Experiment 3-2, and (d) is the chromatogram in
Experiment 2-2, respectively. The numerical value on
the peak shows the retention time.

FIG. 5 shows elution patterns of high-speed liquid
chromatography. In this Figure, each of the numerals
1 shows the chromatogram of the compound before the
reaction, each of the numerals 2 that of a mixture
of the compounds before and after the reaction, and
each of the numerals 3 that of the compound after the
reaction with biotin active ester. (e) is the chromato-
gram in Experiment 3-3, (f) is in Experiment 2-3, (g)
is in Experiment 3-4, and (d) is in Experiment 2-4,
respectively. The numerical value on the peak shows
the retention time.

FIG. 6 shows the results of electrophoresis, in
which (a) and (b) show the electrophoresis profile
before and after reaction in Experiment 3-1, respec-
tively. Similarly, (c) and (d) show Experiment 2-1,

(e) and (f) show Experiment 3-2, (g) and (h) show ,
Experiment 2-2, respectively, with the biotin active
ester. XC indicates the band of xylene cyanol and
BPB that of bromophenol blue, and both are used as
the labels in electrophoresis. 1In this drawing, the
upper side indicates the minus side, and the lower

side the plus side.
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FIG. 7 shows the results of electrophoresis, in
which (i) and (j) show Experiment 3-3, (k) and (1)
show Experiment 2-3, (m) and (n) show Experiment 3-~4,
(p) and (o) show Experiment 2-4, respectively, with
the biotin active ester. BPB has the same meaning
as mentioned above, and in this drawing, the upper side
indicates the minus side, and the lower side the plus
side.

As seen from the results of high-speed liquid
chromatography (FIG. 4 and FIG. 5), in Experiment 3,
the compound having a 5'-hydroxyl group represented
by the formula (12) (FIG. 4a-1,3, FIG. 4c-1,3, FIG.
Se-~1,3 and FIG. 5g-1,3 did not react with biotin, and
gave a peak at the same position before and after
reaction. In contrast, in Experiment 2, the oligo-
nucleotide derivative [formula ] reacted with
biotin and yielded a new peak. The peak of the start-
ing material (FIG. 4b-1, FIG. 4d-l, FIG. 5f-1 and
FIG. 5h-1l) disappeared, and a new peak through the
reaction with the biotin active ester was revealed
(FIG. 4b-3, FIG. 4d4-3, FIG. 5f-3 and FIG. 5h-3). 1In
FIG. 4 to FIG. 5, each of the numerals 2 shows the
chromatogram of a mixture of the compounds before and
after the reaction. These results clearly suggest
that the compounds [<:> ] never react with the biotin
active ester, and that the compounds [ ] react
quantitatively to give the compounds [ 1.

Then, electrophoresis analysis of the reaction
between the 5'-hydroxyl compound [(:)] and the biotin
active ester in FIG. 6 and FIG. 7 [see (a)/(b), (e)/
(£), (1)/(3) and (m)/(n)] shows that no difference can
be seen in the positions of the bands before the
reaction [(a), (e), (i) and (m)] and those after the
reaction [(b), (£f), (j) and (n)}. It can thus be
concluded that no reaction with biotin occurred. On
the other hand, in the reaction of the oligdnucleotide

[] having primary amino group with the biotin active
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ester {(c)/(d), (g)/(h), (k)/(1) and (o0)/(p}] in FIGS.
6 and 7, the positions of the bands before the reac-
tion [(c), (g), (k) and (o)] are different from those
after the reaction [(d), (h), (1) and (n)], thus
indicating that the reaction with biotin occurred.

From the above results, it can be seen that the
compound having primary amino group as prepared above
reacts selectively and quantitatively with the biotin
active ester.

Example 2 (preparation of DNP-oligonucleotide)
Flow chart: '

The compound of the present invention (the com-
pound [ (:)I in the Figure) was produced according to
the flow chart in FIG. 2.

The symbols in FIG. 2 are the same as those
deseribed in Example 1, except for the following:

N02
R: OZN

Synthesis of the compound [VI] ([1 in FIG. 2):
Experiment 1-1

The compound [VI] was prepared in the same manner
as described in Example 1.

acid [ ]:
Experiment 2-1

About 1.0 OD of the pentadecaadenylic acid deri-
vative [] synthesized in the above Experiment 1-1
was dissolved in 0.1 M sodium bicarbonate solution

Prepar?ijfn of 2,4-dinitrophenyl-pentadecaadenylic

(pH 8.3), and the reaction was carried out with addition
of 5 pl (great excess) of a solution of l1-fluoro-2,4-
dinitrobenzene in ethanol (50 mg/ml) at 37°C for 2

hours. Then, the product was diluted with 30 pl of water
and washed four times with 150 ul of ether to obtain
2,4-dinitrophenyl-pentadecaadenylic acid [@ 1. The
reaction was monitored by high-speed liquid chromato-
graphy.
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The compounds [] synthesized in the above
Experiments 1-2, 1-3 and l-4 were also subjected to
the same operation as described in Experiment 2-1 to
prepare compounds [(:) ] corresponding to respective
compounds. The experiments conducted here are called
Experiments 2-2, 2-3 and 2-4.

The compounds prepared in Ekperiment 2 are shown
in Table 4. This Table is the same as Table 2 in

Example 1.
Table 4
Deriva- Identities of Compound (:)
tive

Experiment mrn (B) en®

2-1 14 AAAAAAAAAAAAAAA

2-2 14 TTTTTTTTTTTTTTT

2-3 14 GGATGCATCACCACC

2-4 16 AATCTGGTGAGAAGCGC

In the above Table, A represents adenine, T thymine,
G guanine and C cytosine.

Reference Experiment 3

For the purpose of comparison with respect to
reactivity, the compounds{<:>] having 5'-hydroxyl
group obtained by deprotection of the oligonucleotides
[(:)] as prepared above Experiments 1 were also allowed
to react in the same manner with l-fluoro-2,4-dinitro-
benzene.

The reference experiments conducted here are call-
ed Experiments 3-1, 3-2, 3-3, 3-4. The compounds used
in Experiments 3 are shown in Table 5. This Table is

the same as Table 3 in Example 1.
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Table 5
Deriva- ..
tive Identities of Compound (:)
n (B) B
Experiment n
3-1 12 AAAAAAAAAAALAARA A
3-2. 12 TTTTTTTTTTTTT
3-3 12 ATGCATCACCACC
3-4 14 TCTGGTGAGAAGCG GO C

In the above Table, A represents adenine, T thymine,
G guanine and C cytosine.

The above results are shown in FIG. 8 (results
of high-speed liquid chromatography) .

FIG. 8 shows elution patterns of high-speed
liquid chromatography. 1In this Figure, each of the
numerals 1 indicates the chromatogram of the compound
before the reaction, and each of the numerals 2 indicates
that of the compound after the reaction with 1-fluoro-
2,4-dinitrobenzene. (a) shows the chromatogram in
Experiment 3-1, (b) in Experiment 2-1, (c) in Experi-
ment 3-2, (d) in Experiment 2-2, (e) in Experiment 3-3,
(f) in Experiment 2-3, (g) in Experiment 3-4, and (h)
in Experiment 2-4, respectively. The numerical value
on the peak shows the retention time.

As can be seen from these results, the compounds
having 5°'~hydroxyl group represented by the formula
[(:)] (a1, c-1, e-1 and g-1 in FIG. 8) do not react
with 1-fluoro-2,4-dinitrobenzene (a=2, c-2, e-2 and g-2
in FIG. 8).

In contrast, the oligonucleotide derivative []
reacted with l—fluoro-z,4-dinitrobenzene, and yielded a
new peak. The peak of the starting material (b-1, d-1,
f-1 and h-1 in FIG. 8) disappeared and a new compound
is formed through the reaction (b-2, d-2, £-2 and h-2).

In other words, it can be seen that the compound
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[] having a primary amino group reacts selective-
ly and quantltatlvely with 1l-fluoro-2,4~dinitro-
benzene to give the compound [@ ] and that the
compound [(:) ] never reacts with it.

Each of the peaks obtained upon elution at a
retention time of about 5 minutes in FIG. 8 may be
considered to correspond to 2,4-dinitrophenol. '

In Examples 1 and 2, high-speed liquid chromato-
graphy was conducted by means of HPLC System Tri-
Roter III produced by Nippon Bunko under the follow-
ing measurement conditions:

Column: p - Bondapak Cl8 (Waters)

Flow rate: 2 ml/min.

Eluant: 20 mM-TEAA buffer (pH 7.2) containing

acetonitrile

Concentration gradient: conc. of acetonitrile 6

to 14%/16 min. (15% after 16 min.)
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WHAT IS CLAIMED IS:
1. A nucleotide derivative, comprising an oligo-

nucleotide represented by the following formula
(VII]:

0 B O B
1 i Il
R —CO —NH —R™ —~0 =P — O—T_O OH [VII]
|
0® oG /mén

wherein: R is (o}

[ 2
HC—CH or O.N .
[ 2 '

H,C -CH(CH,),CO-

2\ /
S

m and n are each 0 or a natural number; Rl is a
straight or branched hydrocarbon residue; and B is

a base constituting the nucleotide (in which when a
plural number of B exist, they may be either identi-
cal or different).

2. A nucleotide derivative according to Claim 1,
wherein the base B is selected from the group consist-

ing of adenine, thymine, cytosine and guanine.

3. A nucleotide derivative according to Claim 1,
wherein Rl is a straight or branched alkylene group
having 2 to 20 carbon atoms.

4, A nucleotide derivative accordiﬁg to Claim 1,
wherein m is a natural number of 0 to 6, and n is a
natural number of 0 to 40.

5. A nucleotide derivative according to Claim 1,

wherein R is
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0
f

c
/ '\
m N

HC—CH

H,C CH(CH,) ,CO — .
2\/ 2°4

6. A nucleotide derivative according to Claim 1,

N02
02N .

7. A method for preparing a biotin nucleotide

wherein R is

derivative, which comprises causing biotin to be
bonded to the terminal amino group of an oligonucleo-
tide derivative represented by the formula ([VI) shown
below to obtain a biotin-deoxyribonucleotide represent-
ed by the formula [VII] shown below:

o) B O B
1 | i
NH, —R" =0 —P —0 0—-P -0 OH (VI]
é() é m+n

0
!
/ \

HN NH

CIZ C|1H
H2C JH(CH ) CONH—R —O—P—O O—P—O>\P [VII]
‘\E/, m+n

wherein: m and n are each 0 or a natural number; R

is a straight or branched hydrocarbon residue; and B

is a base constituting the nucleotide (in which when

a plural number of B exist, they may be either identical
or different).
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8. A method according to Claim 7, wherein the
bonding between the amino group and biotin is ac-
complished through the reaction of the amino group

with an active ester of biotin.

9. A method according to Claim 8, wherein the
active ester of biotin is biotinsuccinimide or biotin-

p-nitrophenyl ester.

10. A method according to Claim 7, wherein the
bonding between the amino group and biotin is ac-
complished under the action of a condensing agent.

11. A method according to Claim 10, wherein the
condensing agent is dicyclohexylcarbodiimide.

12. A method for preparing a 2,4~-dinitrophenyl-
nucleotide derivative, which comprises causing 1-
halo-2,4-dinitrobenzene to be bonded to the terminal
amiro group cf an oligonucleotide derivative represent-
ed by the formula {VI] shown below through dehydrohalo-
genation to obtain a 2,4-dinitrophenyl-deoxyribo-
nucleotide represented by the formula [VII] shown

below:
o) B O B
L |
NHZ —R" =0 —-P -0 0O-P -0 OH (v1]
é(} é() m+n
o) B o B
OZN H-R™ —0 —-P -0 O-P-0O OH [VII]
é() é() m+n

wherein: m and n are each 0 or any desired natural
number; rt is a straight or branched hydrocarbon
residue; and B is a base constituting the nucleotide
(in which when a plural number of B exist, they may be

either identical or different).
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13. A method according to Claim 12, wherein the
1-halogeno-2,4-dinitrobenzene is l-fluoro-2,4-

dinitrobenzene.
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